. Selected area electron diffraction (SAED) image of OG sample Herein, fluorination reaction between graphene and fluorine gas under high temperature was regarded as radical attack. 1 The CFF indices were compared to estimate the fluoridation reactivity for carbons in ever group, and the larger value meant greater possibility of suffering radical addition 2 . Considering the complexity of the system, we defined the "average CFF indices" to compare carbons located at aromatic regions and total 12 carbons positions were chose, as shown in Figure S8 , which were calculated from all respective CFF indices for a model molecule. As shown in Figure S9 , the peak position of sample 2 (fluorination intercalation of OG within 2 min) has little change compared with that of sample 1 (OG), which indicates the interlayer distance of sample 2 has no increase. This result reveals that fluorination intercalation of OG with carbonyl and carboxyl does not occur in a transitory time (within 2 min), so it needs more reaction time compared with that of rapidly produced active radicals from hydroxyl and epoxy groups.
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Schematic S1. Fluorination intercalation mechanisms for graphene with (a) -COOH (or C=O) (b)
-OH (or epoxy groups) (c) point defects
As shown in Schematic S1a, graphene with -COOH (or C=O) would not produce free radicals under high temperature (stage 1). The generation of free radicals needs a process; that is, the F· attacks the activated aromatic regions by -COOH (or C=O), then free radicals produce (stage 2). Afterwards, the F· can attack produced free radicals again for further fluorination intercalation (stage 3). However, the reaction energy barrier exists in the process of generating free radicals. For graphene with -OH (or epoxy groups) (Schematic S1b), the free radicals can directly produce under high temperature (stage 1), then the F· can easily attack (stage 2). Therefore, fluorination intercalation for -OH (or epoxy groups) should possess lower reaction energy barrier compared with that of -COOH (or C=O). For graphene with point defects (Schematic S1c), it would not produce free radicals under both high S-9 temperature and F· attacking (stage 1 and 2), so it is difficult to perform fluorination intercalation. Figure S10 . Curve fitted XPS C1s spectra of HGO sample incommensurate position (2 position). However, transformation from incommensurate to commensurate position on graphene sheet is a superlubric pathway, namely a spontaneous process without any external force. From 2 to 3 position, it is easy for graphene stacking to return to a commensurate position. This process revels that it is difficult for graphene to exfoliate by shearing process, while the phenomenon would not occur in peeling process. Therefore, the shearing process is disadvantageous to exfoliate graphene. 
